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Abstract 



A high- voltage discharge of hydrogen with and without the presence of a source of potassi 
discharge was performed with a hollow cathode. It has been reported that intense extreme 
observed from atomic hydrogen and certain elements or certain ions which ionize at integeyrmr 
of atomic hydrogen, 27.2 eV (Mills et al., 1999 Pacific Conference on Chemistry and Spec^scop: 
Regional Meeting, Ontario Convention Center, California, October 6-8, 1999; 



919; Mills, Int. J. Hydrogen Energy, in press; Mills et al., Int. J. Hydrogen Energy, if^e^^s et al., June ACS Meeting, 29th 
Northeast Regional Meeting, University of Connecticut, Storrs, CT, June 1 S-g^S&W&Jwo potassium ions or a potassium 
atom may each provide an electron ionization or transfer reaction that has a^SheSialp^eqiial to an integer multiple of 27.2 
eV. The spectral lines of atomic hydrogen were intense enough to be recorded offKotographic films only when Kl was present. 
EUV lines not assignable to potassium, iodine, or hydrogen were ob^|fedat 73?u, 132.6,513.6,677.8,885.9, and 1032.9 A. 
The lines could be assigned to transitions of atomic hydrogen to lo^-ene%^ levels corresponding to lower-energy hydrogen 



atoms called hydrino atoms and the emission from the excitati 
atoms. © 2000 International Association for Hydrogen Ene 
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sponding hydride ions formed from the hydrino 
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]. Introduction 

\ 

The chemical interaction of potassium 
temperatures below 1000 K has sho 
terms of the emission of the Lymi 
6] and the formation of nove^ 
12]. In searching for an ex 
of unusually high energy 
and B aimer series emi 
between hydrogen am 

tiple of the ion^SUSh Hfeg^bf hydrogen, n£ H , has been 
introduced intofie disd&sion. This hypothesis is supported 
by the fact ^fet^»$pse elements such as potassium, ce- 
sium, afffefiSgfom which have bound electrons of ener- 
gies ^^^^SJsnow Lyman and Balmer emission during 
t^chemcaTOiteracrion with atomic hydrogen. Those ele- 
electronic states of E ^ nE H show no emission 
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under identical conditions. This paper addresses new elec- 
tronic energy states of hydrogen. If such states are stable, 
spectral line emission should be observed in the EUV dur- 
ing their formation and during energetic electron excitation 
of compounds containing hydrogen in these states. 

The following paper reports the first exploratory 
measurements in the EUV. For this experiment, a stan- 
dard hollow cathode discharge in hydrogen was employed 
to generate atomic hydrogen and to provide the energetic 
electrons. This papers presents the experimental results and 
compares it with theoretical considerations. 

A historical motivation to cause EUV emission from 
a hydrogen gas was that the spectrum of hydrogen was 
first recorded from the only known source, the Sun [13]. 
Developed sources that provide a suitable intensity are 
high-voltage discharge and inductively coupled plasma 
generators [14]. An important variant of the later type of 
source is a tokomak [15]. Fujimoto et al. [16] have deter- 
mined the cross section for production of excited hydrogen 
atoms from the emission cross sections for Lyman and 
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Balmer lines when molecular hydrogen is dissociated into 
excited atoms by electron collisions. This data was used to 
develop a collisional-radiative model to be used in deter- 
mining the ratio of molecular-to-atomic hydrogen densities 
in tokomak plasmas. Their results indicate an excitation 
threshold of 17 eV for Lyman a emission. Addition of other 
gases would be expected to decrease the intensity of hydro- 
gen lines which could be absorbed by the gas. Hollander 
and Wertheimer [17] found that within a selected range of 
parameters of a plasma created in a microwave resonator 
cavity, a hydrogen— oxygen plasma displays an emission that 
resembles the absorption of molecular oxygen. Whereas, 
a helium-hydrogen plasma emits a very intense hydrogen 
Lyman a radiation at 121.5 nm which is up to 40 times 
more intense than other lines in the spectrum. The Lyman a 
emission intensity showed a significant deviation from that 
predicted by the model of Fujimoto et al. [16] and from the 
emission of hydrogen alone. 

It has been reported [1-6] that EUV emission of atomic 
and molecular hydrogen occurs in the gas phase at low 
temperatures (e.g. < 10 3 K) upon contact of atomic hydro- 
gen with certain vaporized elements or ions. Atomic hy- 
drogen was generated by dissociation at a tungsten filament 
and at a transition metal dissociator that was incandescently 
heated by the filament. Various elements or ions were made 
gaseous by heating to form a low vapor pressure (e.g. 1 
Torr). The kinetic energy of the thermal electrons at the 
experimental temperature of < 10 3 K were about 0.1 eV, 
and the average collisional energies of electrons accelerated 
by the field of the filament were less than 1 eV. (No black- 
body emission was recorded for wavelengths shorter than 
400 nm.) Atoms or ions which ionize at integer multiples of 
the potential energy of atomic hydrogen (e.g. cesium, pot; 
sium, strontium, and Rb*) caused hydrogen EUV emisj 
whereas, other chemically equivalent or similar atoj 
sodium, magnesium, holmium, and zinc metals) 
emission. Helium ions present in the experimj 
der and Wertheimer [17] ionize at a mul 
the potential energy of atomic hydrogen! 
of EUV emission cannot be explainj 
chemistry of hydrogen, but it is 
of the Schrodinger equation 



predicted to form by reacting an ordinary hydrogen atom 
with a catalyst having a net enthalpy of reaction of about 
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(2) 



and p is an integer greater than 1, designated as H[ay\/p] 
where oh is the radius of the hydrogen atom. Hydrinos are 



m x 27.2 eV 



(3) 



where m is an integer. This catalysis releases energy from 
the hydrogen atom with a commensurate decrease in size of 
the hydrogen atom, r„ = nay\. For example, the catalysis of 
H(n = 1 ) to H(n =1/2) releases 40.8 eV, and the hydrogen 
radius decreases from a» to ^a^. 

The excited energy states of atomic hydrogen are also 
given by Eq. (1 ) except that 



n= 1,2,3,... 



(4) 



The n = 1 state is the "ground" state for "pure" photon 
transitions (the n — 1 state can absorb a photon and go to an 
excited electronic state, but it cannot release a photon and 
go to a lower-energy electronic state). 



However, an electron transition 
a lower-energy state is possibte 
transfer such as multipole coir 
mechanism. These lower 
turn numbers, n = 1 /int 
photons and that requiri 
pie, the exothermi 
does not occur 
reaction re' 
the bond 
body distri0 








|round state to 
adiative energy 
tre&nant collision 
ve fractional quan- 
that occur without 
are common. For exam- 
ofH+H to form H 2 
jission of a photon. Rather, the 
i with a third body, M, to remove 
+ M — H 2 + M m [19]. The third 
^the energy from the exothermic reaction, 
St is the Hi molecule and an increase in 
pture of the system. Some commercial phosphors 
nonradiative energy transfer involving multi- 
pling. For example, the strong absorption strength 
ions along with the efficient nonradiative transfer 
'excitation from Sb 3 * to Mn 2+ , are responsible for the 
strong manganese luminescence from phosphors containing 
these ions [20]. Similarly, the n = 1 state of hydrogen and 
the n = 1 /integer states of hydrogen are nonradiative, but a 
transition between two nonradiative states is possible via a 
nonradiative energy transfer, say n— 1 to 1/2. In these cases, 
during the transition the electron couples to another electron 
transition, electron transfer reaction, or inelastic scattering 
reaction which can absorb the exact amount of energy that 
must be removed from the hydrogen atom. Thus, a catalyst 
provides a net positive enthalpy of reaction of m x 27.2 eV 
(i.e. it absorbs m x 27.2 eV where m is an integer). Cer- 
tain atoms or ions serve as catalysts which resonantly ac- 
cept energy from hydrogen atoms and release the energy to 
the surroundings to effect electronic transitions to fractional 
quantum energy levels given by Eqs. ( 1 ) and (2). 



2. Inorganic catalysts 

A catalytic system is provided by the ionization of t 
electrons from an atom to a continuum energy level such 
that the sum of the ionization energies of the / electrons is 
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approximately m x 212 eV where m is an integer. One such 
catalytic system involves potassium. The first, second, and 
third ionization energies of potassium are 434066, 31.63, 
45.806 eV, respectively [21]. The triple ionization {t = 3) 
reaction of K to K 3+ , then, has a net enthalpy of reaction of 
81.7426 eV, which is equivalent to m = 3 in Eq. (3): 



81.7426 eV + K(m) + H 



K 3+ + 3e~ 



+H 



(P + 3). 



+ l(/> + 3) 2 -/> 2 ]x 13.6 eV, 



K^e 



K(m) + 81.7426 eV 
and, the overall reaction is 



(5) 



(6) 



H 



H 



OH 



+ [(p + 3) 2 - p 2 ]x 13.6 eV. 

(7) 



Potassium ions can also provide a net enthalpy of a mul- 
tiple of that of the potential energy of the hydrogen atom. 
The second ionization energy of potassium is 31 .63 eV; and 
K + releases 4.34 eV when it is reduced to K. The combi- 
nation of reactions K 4 to K 2+ and K + to K, then, has a 
net enthalpy of reaction of 27.28 eV, which is equivalent to 
m = 1 in Eq. (3): 

27.28 eV + K + + K + + H j — K + K 



resonance state, or ionized by the resonant energy transfer. 
The resonant transfer may occur in multiple stages. For ex- 
ample, a nonradiative transfer by multipole coupling may 
occur wherein the central field of the first increases by m, 
then the electron of the first drops m levels lower from a 
radius of anfp to a radius of an/(p + m) with further res- 
onant energy transfer. The energy transferred by multipole 
coupling may occur by a mechanism that is analogous to 
photon absorption involving an excitation to a virtual level. 
Or, the energy transferred by multipole coupling and during 
the electron transition of the first hydrino atom may occur 
by a mechanism that is analogous to two photon absorption 
involving a first excitation to a virtual level and a second 
excitation to a resonant or continuum level [22-24]. The 
transition energy greater than the energy transferred to the 
second hydrino atom may appear as a photon in a vacuum 
medium. 

For example, the transition of H[aHffiBjgffi[°H/(/> + m )] 
induced by a resonance transfer Q&g&^«h e ^ (Eq* (3)) 
with a metastable state excitediWHpa[/ryis represented 
by 



m x 27.2 eV + H 



+H 



oh 



L(P+I)J 



+ [(/>+!) ~ P ]* 13.6 eV, 



h[s]-h[ 



3. Hydrino catalysts 



Lower-energy hydro] 
alysts because each ol 
excitation, and 
27.2 eV (Eq. 
a first hydrino 1 
involves thi 
general 




/]x!3.6eV, (11) 



(12) 



K + K 2+ -+ K + + K + 4- 27.28 eV 
The overall reaction is 



^ H [^] +[< ' + "■ ,I -'' , 



x 13.6 eV, 



(13) 




rinos, can act as cat- 
lle excitation, resonance 
' of a hydrino atom is m x 
Ktion reaction mechanism of 
Seeled by a second hydrino atom 
oupling between the atoms of m de- 
i each having 27.21 eV of potential en- 
rgy transfer of m x 27.2 eV from the first 
\o the second hydrino atom causes the cen- 
* the first atom to increase by m and its electron 
levels lower from a radius of a»/p to a radius 
of an/ip 4- m). The second interacting lower-energy hy- 
drogen is either excited to a metastable state, excited to a 



where p, p\ and m are integers and the asterisk represents 
an excited metastable state. 

The transition of H[oh//>] to H[an/(p + m)] induced by a 
multipole resonance transfer of m x 27.21 eV (Eq. (3)) and a 
transfer of [(p'f -(/?'- ra') 2 ] x 1 3.6 eV - m x 27.2 eV with 
a resonance state of H[oh/(p' - ro')] excited in rl[an/p r ] is 
represented by 

+[((/> + rnf - p 2 ) - {p n - (p' - m') 2 )] x 13.6 eV, 

(14) 

where p, p\ m, and m are integers. 

3.1. Hydride ions 

A novel hydride ion having extraordinary chemical prop- 
erties given by Mills [1 8] is predicted to form by the reaction 
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Table 1 

The ionization energy of the bydrino hydride ion H~{n = ]/p) as 
a function of p 



Hydride ion 


n 


Calculated 


Calculated 




{oof 


ionization 


wavelength 






energy 1 * (eV) 


(A) 


//-(*= 1/2) 


0.9330 


3.047 


4070 


H-(n = }/3) 


0.6220 


6.610 


1880 


H-(n -1/4) 


0.4665 


11.23 


1100 


H~{n = 1/5) 


0.3732 


16.70 


742 


//-(„ = 1/6) 


03110 


22.81 


544 



8 FromEq. (17). 
b From Eq. (16). 



of an electron with a hydrino (Eq. (15)). The resulting hy- 
dride ion is referred to as a hydrino hydride ion, designated 
asH-(l//>): 



-[?] 



+ e~ 



H"( \lp). 



(15) 



The hydrino hydride ion is distinguished from an ordi- 
nary hydride ion having a binding energy of 0.8 eV. The 
latter is hereafter referred to as "ordinary hydride ion". The 
hydrino hydride ion is predicted [18] to comprise a hydro- 
gen nucleus and two indistinguishable electrons at a binding 
energy according to the following formula: 



Binding energy 



h 2 y/s(s+ 1) 



mial 



(■♦ 



8#wJ[(l + V^ + l))/rf 
2 2 

[(l+ v /^+0)//>] : 



where p is an integer greater than one, s=1/2 9 n is p*$ 
Planck's constant bar, /io is the permeability of vae 
is the mass of the electron, fi* is the reduced elecfim mg 
a 0 is the Bohr radius, and e is the elementa^cn! 
ionic radius is 

1 — — (17) 



hydride ion 
^ordinary hydride 
gg eflergies and ionic radii 
hs are given in Table 1 . 
corded spectra of a hollow 
' range of 2.5-80 nm at the 
ower, Inc. of Cranbury, NJ, USA 
, called a BLP-source, consisted of 
ntaining a hollow cathode discharge tube 
pip^comprising a reservoir for vaporizing KJ. 
reservoir was closed, and the other open 
Counted close to the exit of the hollow cathode. 
Tof both cylindrical pieces, the hollow cathode and 
the heated reservoir, were arranged almost perpendicular to 
each other. 



From Eq. (17), the radius 
H~{\/p); p = integer is 1/ 
ion,H"(1/l). Thepredj 
for the first five hydri] 
INP Greifswal<LG< 
cathode plasm; 
request of filai 
[25]. This 
a five- 1 






A 4° grazing incidence spectrometer was attached to the 
BLP-source. At this shallow angle of incidence, a strong 
astigmatism stretches each point like a divergent light source 
at the entrance slit into a line in the focal plane. The spec- 
trometer was filled with hydrogen during operation via the 
BLP source. Due to differential pumping a pressure drop 
was established between the source and the spectrometer. 

The proper functioning of the spectrometer in the desired 
wavelengths range was demonstrated by using a known cap- 
illary discharge in high vacuum that emitted carbon and 
oxygen spectra of multiply ionized atoms down to 3.5 nm. 

Potassium iodide was used as a source of potassium. 
Based on its reported exceptional emission [1-4,6], potas- 
sium was a good choice for a catalyst according to Eqs. (5) 
-(7) to cause transitions in hydrogen to lower energy levels 
to form hydrino atoms. The hydrino atoms then also served 



as catalysts according to Eqs. ( 1 1 )-(13J 
hydride ions formed by the reaction of| 
hydrino atoms. Compounds contajg 
were observed by their characte 
in the plasma discharge. 



4. Methods 



4 ./. Standi 



A standan 





d(14). Hydrino 
lectrons with 
[no hydride ions 
when excited 



?i emission spectrum 



>mic and molecular hydrogen extreme ul- 
u ssi on spectrum was obtained by BlackLight 
, Cranbury, NJ with a microwave discharge 
an EUV spectrometer. The microwave gener- 
a Opthos model MPG-4M generator (Frequency: 
MHz). The output power was set at 85 W. Hydrogen 
s was flowed through a half-inch diameter quartz tube 
at 550 mTorr. The rube was fitted with an Opthos coaxial 
microwave cavity (Evenson cavity). The EUV spectrometer 
was a McPherson model 302 (Seya-Namioka type) nor- 
mal incidence monochromator. The monochromator slits 
was 30 x 30 um. A sodium salicylate converter was used, 
and the emission was detected with a photomultiplier tube 
detector (Hamamatsu R1527P). 

4.2. Capillary discharge 

A certain discharge type has become very important for 
a couple of special applications. For example, in the field 
of radiation generation in the EUV or soft X-ray region 
the so-called capillary discharge is often used [26]. Sev- 
eral scientists have shown that it is possible to generate 
laser radiation at shorter wavelengths by means of a capil- 
lary discharge because fast capillary discharges with a large 
length-to-diameter ratio can generate highly ionized plas- 
mas. The field is quite advanced [27,28] to the point that 
Rocca [27] has developed a table top laser using the 46.9 
nm Argon line. 
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: capacitor rfieets 




trigger pin 



Fig. 1 . Capillary discharge vessel. 



A high electric power is required to excite atoms to high 
electronic energy levels. Since a high-energy input into a 
device is unwanted, a technically convenient energy has to 
be delivered to a plasma in a short time. The capillary dis- 
charge described by Bogen et al. [26] has an electric current 
rise time and an emission time of the hydrogen like carbon 
VII line that is shorter than 50 ns. 

A cross-sectional view of the capillary discharge sys- 
tem is shown in Fig. 1. The capacitor, leads, capillary for 
plasma production, switch, and trigger were all integrated 
in a single unit in order to maintain a low inductance. The 
capacitor was a copper laminated plastic sheet with isola- 
tion gaps along the rim and in the center. A plastic dj 
with a plastic cylinder in the center provided 
high-voltage insulation. The plastic cylinder penet 
capacitor and was encapsulated on each end by 
Hollow carbon electrodes were attached 
plastic cylinder by the brass pieces which 
trodes. The brass pieces were soldered^ 
mate of the capacitor. The plastic cj 
electrodes had a common borehol 
cylinder. 

The plasma was observi 
other side, a carbon 





one side. On the 
led a spark when a 
between this trigger 
es. This spark triggered 
. A plasma was formed in- 
borehole which comprised the 

ad an electron temperature of up 

electron density of up to 10 25 particles 
iss pieces were connected to a vacuum 
uS*arrangement permitted the end-on observa- 
generated spark. To avoid a pressure gradient, 
side of the discharge as well as the spectro- 
graph side were evacuated by a pumping system shown 
in Fig. 1 . 



sharply rising potent: 
pin and one of the 
the discharge 
side the pi 
capillary, 
to 50 



Table 2 

Parameters used in the capillary discbarge experiments 



Discharge voltage V 
Discharge pressure p 
Capacitor capacitance C 
Capacitor inductance / 
Thickness of the Makrolon foil b 
Number of single discharges n 



6-10 kV 
< 10~ 5 mbar 
19 nF 
19 nH 
200 nm 
About 500 




4.3. Sy stent for EUV measurement of discharge 

In ordeT to protect the electronic devices from destruction 
and to avoid disturbances while measuring, the discharge 
source, the entire power supply, and the pumping system 
was placed in a grounded Faraday cage. The capacitor was 
charged via 1 MH resistor. The dischars^was driven by a 
power supply in a voltage range bet^g?ni£and 1 0 kV. In 
addition, a second power supply w^jjsb^K provide a very 
fast high-voltage pulse (4 kV W^na^feetfee of 10 ns) to 
the trigger pin. This pulse proved a cffltrolled ignition of 
the capillary discharge. $^^^^f*^ 

For more convenientfiperatSi, the EUV-spectrograph 
was located outsidgO^jT ^^ ga^Y cage. In a capillary dis- 
charge, a spectTU^^fflgrated by excitation of atoms of an 
evaporated d^e^^miatlrial. Polyethylene (PE) or poly- 
acetal (Py^^a^isS^n the present study. The discharge 
produced a^ferof dust. Therefore, a special Makrolon foil 
bonate%*th a thickness of about 200 nm that was 
to the soft X-ray and EUV region light of this 
I placed between the capillary discharge and the 
ctrograph to protect the grating. The spectrograph 
as the whole discharge vessel were connected with 
ping system. The discharge was driven in vacuum at 
a working pressure of 10~ 5 mbar or less. For time-resorved 
measurements, the spectrograph was replaced by a fast photo 
multiplier that permitted examination of the temporal behav- 
ior of a single spark. Table 2 gives the main parameters of 
this experiment. The experimental setup is shown in Fig. 2. 

4.4. EUV-spectrograph and photochemical detector 

The spectrometer was a LSP-VUV 1 -3S-M portable EUV 
grazing incidence spectrometer that used an off Rowland cir- 
cle registration scheme wherein the diameter of the Rowland 
circle corresponded to the radius of curvature of the grating. 
In this study, the spectra were recorded in a single plane. 
Thus, the input slit was focused only for a single wave- 
length (center wavelength Aq). The alignment to a different 
wavelength was produced by simply changing the distance 
between the focal plane and the grating. The spectra were 
detected using a special Russian EUV film. 

The grazing angle of incidence to the grating was rated 
by the manufacturer to be 4°. The width of the entrance 
slit was chosen to be 100 um. The spectra) resolution X/AX 
was better than 100. The grating parameters are shown in 
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Faraday rage 

Fig. 2. Experimental setup for capillary discharge measurements. 



Table 3 

Grating parameters 



Radius of curvature (mm) 
Size of ruled area (mm) 
Coating 

Number of grooves (mm) 
Blaze angle (deg) 
Recommended spectral range (A) 



1000 
28 x 30 
Au 300 A 
1200 
1 

25-60 



pump flange 



The main purpoj 
to demonstrate 
capable of rj 
charge of a 
results 
sped 
res] 





300 
3 

120-800 



Fig. 3. Cross sectional view of the LSP-V 
EUV grazing incidence spectrometer. 



Table 3. The cross sectional view 
is shown in Fig. 3. 

4.5. Measurements 



trometer 



tie u»of a capillary discharge was 
nge over which the system was 
: EUV spectrum of a capillary dis- 
Papillary rube was obtained with the 
i in Fig. 4 and in Table 4. The numbered 
respect to Fig. 4) are assigned to the 
vavelengths and energy levels. For an appro- 
nent, it was necessary to calculate the transfor- 
mation^ffom the plane of registration to the Rowland circle 
using the specific dispersion function of the grating. Emis- 
sion could be observed down to 7 nm. 




^eritnBfypl setup of the BLP source 

; engftsion of the BLP source (BlackLight Power, Inc., 
NJ) was investigated in the EUV and soft X-ray 
.'The plasma cell comprised a five-way stainless-steel 
s. The plasma was generated at a hollow cathode inside 
s discharge cell. The hollow cathode was constructed of a 
stainless-steel rod inserted into a steel tube, and this assem- 
bly was inserted into an alumina tube. A flange opposite the 
end of the hollow cathode connected the spectrometer with 
the cell. It had a small hole that permitted radiation to pass 
to the spectrometer. In addition, a quartz tube positioned 
perpendicularly to the hollow cathode was attached to two 
copper high-voltage feedthroughs by means of a tungsten 
filament. The quartz tube served as a catalyst reservoir when 
filled with Kl. 

The electrical copper feedthroughs were connected to a 
power supply (U — 0-6.3 V, 1 ~ 0-40 A) to power the 
tungsten filament to heat the catalyst in the quartz tube. 
Some of the KI was observed to vaporize when the filament 
glowed orange. Another power supply (U= 0-20 kV, 7=0- 
30 mA) was connected to the hollow cathode to generate a 
discharge. A Swagelok adapter at the very end of the steel 
cross provided a gas inlet and a connection with the pumping 
system. A diagram of the BLP plasma source is given in 
Fig. 5. 

A high-speed shutter placed between the discharge cell 
and the spectrograph allowed for control of the detector 
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192 290 
Wavelength [A] 

Fig. 4. Spectrum of a capillary discharge. 



Table 4 

Spectral lines of Fig. 4 with corresponding transitions and wavelengths 
Number 




Wavelength (A) 



electric 
feedfhnmgh 




quartz tube 
Including KI r 
Za tungsten fSament 

electric 
feetfihrough 

Fig. 5. Cross sectional view of the BLP discharge cell. 



exposure time (see EUV-Spectrograph and Photochemical 
Detector Section). The hollow cathode, shutter, and EUV 
spectrograph were aligned on a common optical axis using 
a laser. The experimental setup for the BLP discharge mea- 
surements is illustrated in Fig. 6. 

4. 7. Measurements on the BLP source 

The temperature of the tungsten filament which heated the 
quartz tube was determined by means of a special infrared 
camera system made by Jenoptic. The evaluation photos 
showed that the filament had a temperature of at least 1000 
K, and the quartz tube was about 80 K colder. The temper- 
ature of 920 K was sufficient to melt and vaporize KJ in the 
pressure range of the experiment 

The EUV emission spectrum of the BLP source was 
obtained during a plasma discharge in hydrogen with and 
without KI catalyst. Manipulated experimental parameters 
included the pressure, the temperature and position of the 
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power supply 



® 



<A>J 








electric 
feedthrough 
for heating 



Fig. 6. Experimental setup for the BLP discharge measurements. 



catalyst reservoir, the discharge voltage and current, the 
time of exposure of the detector film system, the particular 
grating, and the center wavelength The main parameter 
changes and basic spectrographs findings, are presented. 

In order to make the wavelength assignments, all of the 
films were scanned, and the bitmap files were read out as 
shown in Fig. 4 for the case of the capillary discharge. The 
measured and calculated spectral lines were numbered from 
] (inside order) to 23. Corresponding lines of different films 
were assigned the same number based on the specific dis- 
tances between the grating and the plane of the film that wa^ 
a function of Aq. A first wavelength assignment was 
formed by calculating the transformation from the pla 
registration to the Rowland circle using the speci| 
sion function of the particular grating. 

A number of experiments proved that 
the Lyman alpha line with a known wav^ 
A. This wavelength was used to dete 
angle of incidence. Thus, a slight < 
merit was detected (&J1= 033^ 
tion was recalculated using i 
angle of grazing incidence or 







Hydrogen gas 
(Microwave discharge) 




r>of T7T5.7 
Omental 
: experi- 
J>ersion func- 
ptally determined 



5. Results 

A i 

i emission spectrum (850 and 1750 
i microwave plasma of hydrogen with a 
; order used in this analysis is shown in 
ndard hydrogen spectrum was recorded by 
f Power Inc. using a photomultiplier tube detec- 
EUV emission lines from hydrogen-Kl plasmas 
produced by a hollow cathode discharge were recorded and 
identified on photographic films by INP Greifswald, Ger- 



120 130 140 

Wavelength (nm) 

Fig. 7. Standard microwave discbarge emission spectrum of hy- 
drogen (900-1700 A ) recorded on the McPherson model 302 
(Seya-Namioka type) EUV spectrometer. 



many [25]. In order to make the wavelength assignments, 
all of the films were scanned, and the bitmap files were read 
out as shown in Figs. 8-12. Emission lines vs. scratches or 
other artifacts were determined from the films, and the wave- 
length assignments were based on the bitmap files shown 
in Figs. 8-12. A summary of the wavelength assignments 
and wavelength assignments based on the corrected calcu- 
lated dispersion function are given in Table 5. Figs. 8-12 
shows the observed spectral lines that are numbered on the 
respective numbered films as given in Table 5. Spectra were 
observed in the range around 100 nm only when KI was 
present; otherwise, no lines were observed on the films. In 
addition, the discharge current and a special positioning of 
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Fig. 8. Tbc intensity of the scanned film 24 and the identified spectral lines recorded on the LSP- 
incidence spectrometer. 





triable EUV grazing 





135 Wavelength /A 

Fig. 9. The intensity of the scanned film 2 
spectra] lines recorded on the LSP-VUV 
grazing incidence spectrometer. 




the sufficiently heated KI ns$^Q*p&&trve to the powered 
hollow cathode seem tobftfgggM. rae exact positions of 
the spectral lines wereraentftraDf using the Lyman-alpha 
line of hydrogen as ^jefer^re. The spectra comprised 
narrow and wi»ni 

The waveJenHhs of rae standard hydrogen peaks and the 
experimentafe^fe feTO bered 4-18 are given in Table 6. 
These ^teaaaBfel peaks match closely the wavelengths 
; ofthe standard atomic and molecular hydro- 
vever, the identification of peaks 2 and 3 was 
. It is known from the standard hydrogen spec- 
r the most intense peak in the wavelength region 
between 102 and 105 nm is the hydrogen Lyman beta line 
located at 102.6 nm as shown in Fig. 7. If peak 2 shown 




in Fig. 1 1 is th^^nS^BeflTline, then the experimental 
peak 3 showiiJ^^^anWl 1 are different from the con- 
trol since ij^pw Jr^the most intense peak in the region 
rather thari%gffiyman beta. Peak 3 could be assigned to 
H 1 /4 11 2 eV as given in Table 7. 

es not assignable to potassium, iodine, or hydro- 
observed at 73.0, 132.6, 513.6, 677.8, 885.9, and 
&f£F- The lines could be assigned to transitions of 
io atoms and the emission from the excitation of the 
^spending hydrino hydride ions. The assignments are 
given in Table 7. 

The line at 73 A which appeared as an inside-order-line 
was reproducible and was probably real. But, it had to be 
questioned, because of the observation of bunching into the 
sagittal direction and interference patterns into the merid- 
ional direction. This line was produced by the grating and 
was not subject to reflections as were some "ghosts" ap- 
pearing as "absorption-lines" independently of the grating 
rulings. This "inside-order-line" vanished, when gratings 
with double or quadruple rulings were used. It cannot be 
excluded, that stimulated emission at this wavelength oc- 
curred from the hydrogen-KI plasma inside the hollow cath- 
ode or the area in front of it. According to the characteristics 
of the grating, the true wavelength could also be one-half, 
one-third, or less likely one-forth of 73 A . It must be 
regarded as belonging to the regular emission of EUV light 
of the BLP plasma source. 

By measuring the distances between the spectral lines on 
the printed scans and comparing it to those on the films, 
the average error in the calculation of the assigned wave- 
lengths was determined to be about 30 A in the region above 
800 A . Line 12 was determined to be the Lyman alpha 
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Fig 10 The intensity of the scanned film 29 and the identified spectral lines recorded on the LSP-VUV »S-M^rtable EUV grazing 
250 




TOrtable 



Fig. II. The intensity of the scai 
incidence spectrometer. 



line of hydrogen (X 
ture of lines 3-1 5 wi „ 
This line was rfRrtoll 
of grating #3. 
±3 A. 





Wavelength /A 



680 



the identified spectral lines recorded on the LSP-VUV 1-3S-M portable EUV grazing 




ky comparing the struc- 
>wn spectrum of hydrogen, 
ilate the dispersion function 
in the corrected data was about 



jits support that potassium atoms reacted with 
atomic hydrogen to form novel hydrogen energy states. 
Potassium iodide present in the discharge of hydrogen served 



as a source of potassium metal which was observed to col- 
lect on the walls of the cell during operation. According to 
Eqs. (5)-(7), potassium metal reacts with atomic hydro- 
gen present in the discharge and forms the hydrino atom 
H[0h/4]. The energy released was expected to undergo in- 
ternal conversion to increase the brightness of the plasma 
discharge since this is the common mechanism of relaxation. 
This is consistent with observation. 

The product, H[ah/4] may serve as a catalyst to form 
H[<m/5] according to Eqs. (Il)-(13). The transition of 
H[«h/4] to H[ah/5] induced by a resonance transfer of 
27.21 eV, m ~ 1 in Eq. (3) with a metastable state excited 
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Fig. 12. The intensity of the scanned film 37 and the identified 
spectra] lines recorded on the LSP-VUV 1-3S-M portable EUV 
grazing incidence spectrometer. 

in H[oh/4] is represented by 

M „ + H[S]+-[=]-ll.[=]+Hft] 

+27 2 eV + 95.2 eV, (18) 



H*[?]-H[f*] + 27.2eV, 

H \™ j - H [y ] + 95.2 eV + 27.2 eV. 
Table 5 

Wavelength assignments of identified emission peaks 



(19) 
(20) 



The energy emitted by a hydrino which has nonradiatively 
transferred m x 27.2 eV of energy to a second hydrino may 
be emitted as a spectral line. Hydrinos may only accept 
energy by a nonradiative mechanism [38]; thus, rather than 
suppressing the emission through internal conversion they 
do not interact with the emitted radiation. The predicted 
95.2 eV (1303 A) photon (peak # 19) shown in Fig. 9 is 
a close match with the observed 132.6 A line. In Fig. 9, 
an additional peak (peak #20) was observed at 885.9 A. It 
is proposed that peak #20 arises from inelastic hydrogen 
scattering of the metastable state H * [oh/4] formed by the 
resonant nonradiative energy transfer of 27.2 eV from a 
first H[oh/4] atom to a second as shown in Eq. (18). The 
metastable state then nonradiatively transfers part of the 
27.2 eV excitation energy to excite atomic hydrogen ini- 
tially in the state ls 2 S I/2 to the state 6h 2 H n /2. This leaves 
a 13.98 eV (887.2 A) photon, peak 20^e initial and fi- 
nal states for all hydrogen species am 
determined by the selection rulg 
gular momentum where the 1 
to mi — 0 and the initial and 
atom catalysts correspoi 
In the case that the 95.; 
corresponds to 
conserved. The 
drogen lines^ 
hydrogen 



d photons are 
nervation of an- 
corresponds 
foT the hydrino 
-2, respectively. 
3 A) photon (peak # 19) 
ien angular momentum is 
lydrogen may then emit hy- 
ed in Fig. 9. Thus, the inelastic 
deexcitation of H * [an/4] may be 



Line no. 


Average distance 


Angle 0/deg A 




X/A 


Comments 




to zeroth order/mm 


measured to zerojy ^ 


A- ^RBrance 


(recalculated 






on film no. # 


order 

(grating #2^^^ 


Z ^&* n & c a = 4° 


entrance angle 
with a = 3.56°) 






40.1k 

Too" 

46-26/#24 
46.78/#24 
8.57/#28 
32.68/#28 
22.9/#30 
27.5/#30 
40.28/#37 



1.62^* ^ 


^ 80 


73.0 






1070 


1021.0 






1081.9 


1032.9 






1148.5 


1095.8 


Wide 




1165.5 


1114.4 






1195.7 


1143.7 




A2X3 


1215 


1162.1 


Wide 


12.12 


1229.6 


1176.5 




12.15 


12343 


1)813 




12.18 


1239 


1186.0 




1230 


1258.8 


1204.8 




12.37 


12703 


1215.7 


Strong, La 


12.46 


1284.9 


1230.8 




12.61 


1309.9 


1254.7 




12.76 


1335 


1279.2 




13.74 


1503 


1443.7 




1430 


1605.4 


1541.9 


Wide 


14.46 


1633.7 


1570.5 


Wide 


2.66 


144.1 


132.6 


Weak 


10.15 


930.5 


885.9 


Weak 


7.12 


544.8 


513.6 


Weak 


8.55 


715.5 


677.8 


Weak 


12.09 


1224 


1171.8 
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Table 6 



Experimental pes 


iks that matched the control hydrogen spectrum 


and are assigned to atomic and molecular hydrogen peaks 


Peak number 


Control hydrogen 


Experimental 




(A) 


(A) 


2 


1025.4 


1021.0 


3 


J 047.0 


— 


4 


1101.4 


1095.8 


5 


1116.2 


1114.4 


6 


1144.8 


1143.7 


7 


1160.6 


1162.1 


8 


1174.9 


1176.5 


9 


1188.4 


1181.3 


10 


1198.6 


1186.0 


11 


1205.8 


1204.8 


12 


1215.7 


1215.7 


13 


1229.6 


1230.8 


14 


1253.4 


1254.7 


15 


1277.8 


1279.2 


16 


1436.2 


1443.7 


17 


1577.9 


1541.9 


18 


1607.9 


1570.5 


23 


Same as peak 8 


1171.8 



represented by 

H * [^] (m< = 3) + H(* - 1;m, = 0) -» 

H [^] (*v = -2) + H(* = 6;m, = 5) 

+13.98 eV(m, = 0). 

The product of the catalysis of atomic hydrogen wit] 
potassium metal, H[oh/4] may serve as both a catalyst j 
a reactant to form H[oh/3] and H[ah/6] according t4 
(14). The transition of H[a h /4] to H[*th/6] mdu^fcy a 
multipole resonance transfer of 54.4 eV, m = 2 l£q. 
and a transfer of 40.8 eV with a resonance s^fe oT 
excited in H[oh/4] is represented by 



H[f]+H[*]-H[f] + H 



The predicted 176.8 eV (70.; 
with the observed 73.0 A Jin 

The hydrinos are pre 
A novel inorganic hyd 
high binding ene 
tion of atomic hi 
iodide [7]. 



eV. (22) 



L is a close match 





lydrino hydride ions. 
Id KH1 which comprises 
was synthesized by reac- 
'tassium metal and potassium 
>hotoeJectron spectroscopy (XPS) 
ed from that of KI by having ad- 
9.1 and 11.1 eV. The XPS peaks cen- 
1.1 eV that do not correspond to any 
lement peaks may correspond to the H~(n — 
1.2 eV hydride ion predicted by Mills [18] (Eq. 
different chemical environments where Eb is 
the predicted vacuum binding energy. In this case, the re- 
action to form W(n = 1/4) is given by Eqs. (5)-(7) and 



spectrum o: 
ditiona 
ten 



( 15). Hydrino hydride ions H" (/? = 1/4), H"(n = 1/5), and 
H"(n = 1/6) corresponding to the corresponding hydrino 
atoms were anticipated. The predicted energy of emission 
due to these ions in the plasma discharge was anticipated to 
be higher than that given in Table 1 due to the formation 
of stable compounds such as KHI comprising these ions. 
Emission peaks which could not be assigned to hydrogen, 
potassium, or iodine were observed at 1032.9 A (12.0 eV), 
677.8 A (18.3 eV), and 513.6 A (24.1 eV). The binding en- 
ergies of hydrino hydride ions H~(/i = 1/4), H~(n=l/5), 
and H~(/i = 1/6) corresponding to the corresponding hy- 
drino atoms are 11.23, 16.7, and 22.81 eV. The emissions 
were 1-2 eV higher than predicted which may be due to the 
presence of these ions in compounds with chemical envi- 
ronments different from that of vacuum. The excitation was 
due to the plasma electron bombardment. Additional studies 
are in progress to collect the comrxmndj$&>rmed in the re- 
action chamber so that XPS may be pmgngjfeJ and the XPS 
spectrum may be compared with jfc&E$Speaks- 





7. Conclusion 

Lines which coujjj^ J^jgra^to all of the hydrino tran- 
sitions and hvdia^jJmde ions possible in the spectra] 
range of 2.5-j^^^rtiBg with a potassium catalyst (Eqs. 
(5)-(7)) ^feS>se^fed. Intense EUV emission was ob- 
served fronfSyjjroic hydrogen in the presence of potassium 
whiAdpnizes^yrnteger multiples of the potential energy 
iformwiydrogen (Eq. (3)). The release of energy from 
^erjgas evidenced by the EUV emission must result 
er-energy state of hydrogen. The data supports that 
fcium metal reacts with atomic hydrogen present in the 
Charge and forms the hydrino atom H[oh/4]. The en- 
ergy released undergoes internal conversion to increase the 
brightness of the plasma discharge. The product, H[oh/4] 
serves as both a catalyst and a reactant to form H[oh/5] 
with a 1 32.6 A and 885.9 A emission and H[oh/6] with a 
73.0 A emission according to Eqs. (18)— (21 ) and (22), re- 
spectively. Hydrino hydride ions H~(n= 1/4), H~(n= 1/5), 
and H~(/i = 1/6) corresponding to the hydrino atoms of 
the same quantum state were formed in the plasma as ev- 
idenced by the emissions at 513.6, 677.8, and 1032.9 A, 
respectively. The emissions were 1-2 eV higher than pre- 
dicted which may be due to the presence of these ions in 
compounds with chemical environments different from that 
of vacuum. Novel compounds containing hydrino hydride 
ions have been isolated as products of the reaction of atomic 
hydrogen with potassium atoms and ions [6-12] identified 
as catalysts in a recent EUV study [1-4]. The formation of 
novel compounds based on hydrino atoms is substantial ev- 
idence supporting catalysis of hydrogen as the mechanism 
of the observed EUV emission. 

J. J. Balmer showed in 1 885 that the frequencies for some 
of the lines observed in the emission spectrum of atomic 
hydrogen could be expressed with a completely empirical 
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Table 7 

Observed emission data from bydrogen-KJ plasmas produced by a hollow catbode discbarge that cannot be assigned to atomic or molecular 
hydrogen 



Peak 




Observed 




Peak assignment 


Predicted 




Wavelength 
(A) 


Energy 
(eV) 


Energy 
(eV) 


Wavelength 

(A) 


] 


(inside) 


73.0 


169.9 


1/4 ]/6H transition* 


176.8 


70.2 


3 


(#30) 


J 032.9 


12.0 


H"(I/4) b - c 


11.23 


1104 


J9 


(#28) 


J 32.6 


93.5 


}f4 — ► J/5 H transition* 1 


95.2 


130.3 


20 


- (#28) 


885.9 


14.0 


Inelastic H scattering of H * [^] e 


13.98 


887.2 


21 


(#30) 


513.6 


24.15 


H-(l/6) c 


22.8 


543 


22 


(#30) 


677.8 


18.30 


H-(J/5) C 


16.7 


742 



•Transition induced by a resonance state excited in H[oh/4] 

"[T] + H lT]- H [T] +H [T] + ,76 - 8eV 

b I + has a peak at 1034.66 A , [31) but none of the other iodine lines were detected including much stronger line 
c The hydride ion emission is anticipated to be shift to shorter wavelengths due to its presence in a chemic """"^ 
transition induced by a metastable state excited in H[<?h/4] 

27.2 eV + H [^] + H [21] _ H . [2] + H [^] + 27.2 eV + 952 eV, 

»•[?]- H It! +27 - 2eV - 

H — H ^ j + 95.2 eV + 27 2 eV. 

'Hydrogen inelastic scattered peak of H * [<*h/4] deexcitation 
H * [S] + H(n = 1 ; m, = 0) - H [~] + H(n = 6; m € = 



where /? = 109,677 cm" 
and rti> rtf. 

Niels Bohr, in 191: 
drogen that gave energ 
equation. An idefjESfeP 
ent theory forge hy<j 
Schrodinge 





relationship. This approach was later extended b 
dberg, who showed that all of the spectral 
hydrogen were given by the equation 



of atomic hydrogen with a source of potassium indicates 
that Eq. (24b), should be replaced by Eq. (24c), 



11=1,2,3,. 



i 

' 4*** 



(24c) 



m = 2,3,4,..., 

theory for atomic hy- 
agreement with Rydberg's 
based on a totally differ- 
>gcn atom, was developed by E. 
lently by W. HeisenbeTg, in 1 926: 



(24a) 
(24b) 

is the Bohr radius for the hydrogen atom 
(52.947 pm), e is the magnitude of the charge of the elec- 
tron, and eo is the vacuum permittivity. The EUV emission 



A number of independent experimental observations also 
lead to the conclusion that atomic hydrogen can exist in 
fractional quantum states that are at lower energies than the 
traditional "ground" (n =1) state. The detection of atomic 
hydrogen m fractional quantum energy levels below the tra- 
ditional "ground" state — hydrinos — was reported [1 8,30] 
by the assignment of soft X-ray emissions from the inter- 
stellar medium, the Sun, and stellar flares, and by assign- 
ment of certain lines obtained by the far-infrared absolute 
spectrometer (F1RAS) on the Cosmic Background Explorer. 
The assigned hydrogen transition reactions were similar to 
those shown in Table 7. The detection of a new molecular 
species — the diatomic hydrino molecule — was reported 
by the assignment of certain infrared line emissions from the 
Sun. The detection of a new hydride species — hydrino hy- 
dride ion — was reported by the assignment of certain soft 
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X-ray, ultraviolet (UV), and visible emissions from the Sun. 
This has implications for several unresolved astrophysical 
problems such as the Solar neutrino paradox and the iden- 
tity of dark matter. The present study also has the important 
technological implications of the discovery of a new energy 
source and a new field of hydrogen chemistry. 
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